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I. INTRODUCTION
1.1 Project Organization
Virginia Tech has several activities which support the NASA Langley effort in the
area of large aperture radiometric antenna systems. These activities are summarized in
Table 1-1. This semi-annual report reports on these activities. Table 1-2 lists major
reflector antenna research areas at Virginia Tech together with the graduate students

responsible for the work.

Table 1-1

Personncl at Virginia Tech Performing Reflector Antenna Rescarch

Reflector Antenna Rescarch at Virginia Tech
1. "Feasibility Study of a Synthesis Procedure for Array Feeds to Improve Radiation
Performance of Large Distorted Reflector Antennas”
GAs: Ko Takamizawa, B. Shen
Project: NASA Grant NAG-1-839; VT 4-26132
Term: 02/25/88 - 12/31/93

Personnel Active in Reflectors but not Supported by NASA
2. R. Michael Barts
"Design of Array Feeds for Large Reflector Antennas,” NASA Graduate Rescarchers

Program Graut NGT-50413; completed, but work coutinues.

3. Derrick Dunn, M.S. student
Support: GEM Fellowship (6/91 to 12/92); NASA Traineeship (1/93 - )

4. Jim LaPean
5. Paul Werntz

6. Marco Terada
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Table 1-2
Reflector Antenna Rescarch Activities at Virginia Tech
I. Technology Development
1.1. Operation and testing of full commercial reflector code (GRASPT) - Takamizawa
1.2. Documentation of analysis techniques for reflector computations - Takamizawa
1.3. Beam efficiency studies - Shen
II. Wide Scanning Antenna Systems
2.1. Documentation of wide scanning antenna principles - Werntz
2.2. Type 1 dual-reflector design - LaPcan
2.3. Type 2 tri-reflector antenna design - Werntz
2.4. Support of Type 1 and 2 hardware model - LaPean and Werntz
2.5. Spherical reflector antenna designs - Shen
III. Reflector System Optimization - Takamizawa
3.1. Comparison of optimization techniques
3.2. Error functional definition
IV. Arrays for Large Radiometric Autennas - Barts
4.1. Analysis techniques in lossy radiometric systems using arrays.
4.2. Feed array architectures for radiometers
4.3. Feed component technology readiness evaluation

4.4. Calibration issues



1.2 Overview of Semi-Annual Progress

Significant progress has occurred in this past six-month reporting period. This
largely occurred due to previous ground work laid by graduate students and now these
efforts are coming to fruition. The Type 1 antenna is complete and documentation is in
final phases. The Type 2 autenna design is complete; a journal article has been
submitted. The spherical antenna configurations are complete and a journal article will

appear in IEEE Transactions on Auntennas and Propagation. In addition, a patent for

the spherical antenna is Dbeing pursued.  The final current activity is that of
optimization techniques and they are approaching completion as well. All of the four
foregoing activities will result in a thesis/dissertation. Copies will be provided to
NASA. Also, manuscripts for journal articles will be prepared and submitted to NASA
for approval. Sec Chapter 4 for a summary of publications.

Another recent activity worthy of mote is computer code development and
integration. Figure 1-1 provides an overview of the computer codes in use at Virginia
Tech in support of reflector antenna design.

The hLeart of this code is GRASP7. This code, originally intended for mainframe
use, has been operated on high-end PCs at Virginia Tech for two years. Recently, we
have written and implemented pre and post processing code modules. EASYT 1s a user
friendly code used to create an input file to GRASP7T. UVPLOT and UVSTAT are
codes which create ontput information files. The commercial plotting code AXUM is

then used to generate pattern plots on a laser printer.
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Figure 1-1. Block diagram of reflector antenna codes.
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Chapter 2
THE IMPROVED SPHERICAL TRI-REFLECTOR SYSTEM
WITH A FLAT MIRROR

The low aperture efficiency problem common in spherical tri-veflector systems was
overcome by the tri-reflector design as described in the previous semi-annual report.
This tri-reflector design employs a suboptics assembly that consists of two subreflectors
and a feed, which arc moved as a unit during scan. In order to further simplify the
mechanical motion, and therefore, improve practicality of such systems, studies were
performed on techniques to reduce the mechanical complexity of motion. In a typical
configuration, the moving subrceflector and tertiary should be as small as possible and
the feed should remain fixed. Watanabe et al. [16] proposed a beam waveguide
configuration which permits a fixed feed. The heam waveguide portion consists of two
prime focus parabolic reflectors, and creates the image of the real feed. The heam
waveguide moves in such a way that the image of the real feed moves as required for
scan. This, of course, reduces the complexity of the feed; however, the massive beam
waveguide must move in addition to tlhe subreflector and tertiary.

In order to reduce the mass of moving parts in the antenna system, we investigated
various optical configurations which form movable images of the suboptics assembly.
We found that with proper placement of a planar mirror, an image of the cutire
suboptics assembly is created without blockage. Scan can then be aclieved by rotating
the mirror, creating a rotating image of the suboptics assembly. The system designed
for the test case (Bush model) scans +5 in both orthogonal directions. Since the
mirror creates the image of the entire suboptics assembly, not only is the feed fixed, but
the subreflector and the tertiary are all fixed.

2.1. Fixing the Suboptics Assembly by Mirror Imaging

The configuration that permits the suboptics assembly to remained fixed uses a
mirror as illustrated in Fig. 2-1, which shows a dual-caustic spherical tri-reflector
system [1] in Fig. 2-1a and the version with a mirror in Fig. 2-1b. The mirror creates
the image of the suboptics assembly as shown in Fig. 2-1c, and beliaves effectively the
same during scan as the real suboptics assembly in Fig. 2-1a. This is because, according
to geometrical optics (GO) principles, a mirror creates an image without aberration.
Physical optics (PO) shows that diffraction Joss is present because of the finite size of
the mirror. However, in the designs we have encountered, diffraction loss is negligible.

The suboptics in Fig. 2-1 is syuthesized by our PDE method, which solves a set of
partial differential equations to generate the surface shapes of dual subreflectors. The

7
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dual-subreflector system controls both aperture phase and amplitude.  The suboptics
assembly in Fig. 2-1a is placed in such a way that the output main beam is parallel to 7
axis, which is the antenna coordinate. In Fig. 2-1b the real suboptics assembly 1s 1dentical
to that in Fig. 2-la. The plane containing the mirror in Fig. 2-1b passes though the
center, O, of the splierical main reflector. Thus, the image of the suboptics assembly in
Fig. 2-1c creates an output main heam that is parallel to z' axis and forms an angle ¢
from z axis. Scan is achieved by rotating the mirror about O, and therefore, rotating
the virtual suboptics and the main beam. The main beam can be directed anywhere
inside a spherical cone angle of 0, = 5" relative to the unscanned beam direction (zg -
axis, which is offset 0 = 107 from the z-axis). This is accomplished through control of
two rotation angles of the mirror about the spherical center point, 0, which we now
describe.

One mirror rotation angle (o) is the angle between the mirror plane and z axis, and
the other angle () is the azimuthal angle of the mirror surface normal; sce Fig. 2-2 for
the geometry. The mirror creates the image of the z axis; this virtual axis i1s called 2’
and is parallel to the output main beam from the spherical main reflector. Therefore,
the angle 0 between the virtual axis (2) and the z axis (0-scan angle) 1s 2¢. On the
other Land, it is obvious to from Fig. 2-2 that the azimuthal angle of the mirror surface
normal (ii) is the same azimuthal angle as for the virtual 2" axis (¢-scan angle). Thesc
geometrical relationships are summarized as follows:

=40

4

[ S
MITTor

(2-1)
é = ¢

These results specify the mechanical rotation of the mirror required for scan of the mam

mirror

output beam.
2.2. Improving the Aperture Efficiency by Tilting the Feed in Azimuth

The movement of the mirror described in the last section scans the main beam,
however, it also introduces movement of the main reflector illuminated arca, assuming
the feed remains fixed during scan. This, of course, reduces the aperture efficiency. In
fact, the motion of the main reflector illuminated area can be so severe (especially
during ¢-scan) that the aperture utilization hecomes wnacceptable (<30%) for 5
circular scan coverage.

The problem of poor aperture utilization can be greatly alleviated by implementing
the feed tilt method. By tilting the feed in both azimuth and clevation, the main
reflector illuminated area can be totally fixed during scan, and thercfore, the aperture

8
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efficiency can be as high as 70% (see the next chapter). In practice, it is much easier to
tilt the feed only in azimnuth (that is, the feed rotates as angle ¢ in the xy-plane; see
Fig. 2-2) than in both angles. Azimuth feed tilt greatly reduces the motion of the
aperture illuminated area, although it allows the aperturc illumination to move during
g-scan. The aperture efficiency for azimuth only feed tilt (about 30%; sece the next
chapter) is less than the 70% aperture efficiency obtained when the feed is tilted in both
azimuth and elevation; however, it is a great improvement from the fixed feed case,
For most practical applications, the azimuth-only feed tilt method is the most
advantageous considering the trade-off between aperture efficiency and feed system
complicity.

Detailed aperture utilization analysis is necessary to show the cffectiveness of feed
tilting method and to obtain the proper feed tilting angle as a function of scan angle.
The key to the aperture utilization analysis is to study the motion of the center of the
aperture illuminated area, which is marked C’ in Fig. 2-2. The mirror image of €' 15 C,
which is the center of “illumination™ for the virtual main reflector. C does not move
when the mirror is rotated to scan, it only moves when the feed tilts. €7 is the mirror
image of C, and 1s found by (2-2)

r'e=71. - 2(fi-f) A (2-2)
where 1 is the surface normal of the mirror. A mirror coordinate system is established
with x,, axis along 11, and v, axis in the plane of x and y; see Fig. 2-2. The coordinate
transformation hetween the antenna coordinates (x, vy, z) and the mirror coordinates can

be written as

z COS 1t COS ¢ —SIIl @ 8111 a COS ¢ @ &
yl|l= COS o SII1 ¢ COS ¢ SIN o SIn ¢ gI1=Tly (2-3)
! !

2 —SIn CoSs n 2 B

This coordinate rotation matrix, T, with =X, permits (2-2) to be written as (in the

antenna coordinates)

1',( '“1 O 0 Lo 1(
Ve=T| 0 1 0 |T'y|=R |y (2-4)
7, 0 0 1 e

where T! is the transposc of T. The general mirror reflection matrix, which gives the
mirror image of any vector, is formed by multiplying out the three matrices in (2-4)

giving
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sinf! cos¢ sind sing I

where 0 and 6 are scan angles in antenna coordinates and (2-1) is used to replace a with
6.

For simplicity, we first consider a fixed feed which causes the “illnmination” center
of the virtual main reflector, C, to lie in the xz-plane (4.=0); the direction to C, e,
forms angle 6, from the —z axis. Therefore, point C' on the sphere is expressed 1n

antenna coordinates as

(cos (',osgq‘) - sin%ﬁ)sin(lc —s1uf cos¢ cosl,.
~ - .,. 2; . . .
.=Rt.= (cos()-irl)m}z ¢ sind,. — sinf siné cosf,, (2-6)

—sind cos¢ sind, — cosh,

where the angle between . and —z axis is #.. and the azimuth angle of T7¢ in the xvy
¢ c 12y C Y

plane is ¢'c: they are found by coordinates of &'¢ in (2-6) as

9 .9 . .
, .."C (COS() COSZq’) - sm‘q)) sinf, —sind cos¢ cosl, -
tan 0/ = — === : - - (2-7)
7' sing cos¢ sid.t+cosl,
and sin2¢ . . .
’ J (cos0+1) 5 e sinf. — sind sing cosd,

tan ¢/c = 3¢ = Ll ——— (29)

Y'e  (cosf cos“¢—sin“g) sinf, —sind cos¢ cosd,
The functional relationship between o', and ¢ given in (2-8) is of particular interest, and
is plotted as the 6, =0 cuwrve in Fig. 2-3 (0° feed tilt). This curve shows that the
change of ¢, is more than double the change of ¢. This means that the azimuth angle
of the main reflector illumination center C'is very semsitive to ¢ scan, due to mirror
rotation during ¢-scan. Furthermore, as explained in the following discussion, a large
dynamic ¢-scan range is required to cover a normal circular scan region; e.g. +5 scan
requires + 28 ¢-scan range.

The large ¢-scan range requirement is a disadvantage of this system. This
requirement is explained through Fig. 2-4. The zg axis in Fig. 2-4 is directed toward the
center of the scan region and forms angle 8; from the z axis. The angle 0, 1s non zero
because of the offsetting for the antenna system. (This is illustrated in Fig. 2-11, where
the main output beam cannot be parallel to the z-axis.) However, the offsetting only
occurs in the xz plane. We establish a scan coordinate system with xg axis in the xy

10



plane and yg axis the same as y axis. The coordinate transformation between scan

coordinates and antenna coordinates is

&
]

cos ()U Sin ()U

=4
Il
—
ol
on
—
N
O
p

L

—sin ()U oS 00

L
w

For a main beam direction (z’ direction) with scan angles 6, from 7z axis and azimuthal
angle ¢, in the scan coordinates, the (8, ¢) angles in the antenna coordinates can be

found from (2-9) as

sinf cos¢ cosf sinf Cosd)SJrsinHO cosly
sind sing | = sind, singg (2-10)
cosf - sinﬂU sinfly coség+cosl cosfy

The azimuthal angle ¢ in antenna coordinates is, therefore,

sinf singg
cosfyy sinfy cosdgtsind cosly

(2-11)

tang =

Since we are interested in the maximum (mirror rotation) ¢ angle required to perform
scan, the change of ¢ along the boundary of the scan region is of particular mterest.
This boundary for our test case is 0,=>5" and 9,=0"~360". The corresponding values of ¢
as a function of ¢, along the boundary are plotted in Fig. 2-5, which shows that a
maximum of + 28" is required for the dynamic ¢ range.

In the above discussion we first showed that the location of main reflector
illumination is very sensitive to ¢ scan, and then showed that a large ¢-scan range is
required to perform a circular scan coverage. These two points makes it necessary to
tilt the feed to reduce the motion of the main reflector illuminated area.

The azimuthal feed tilt method can be explained using Fig. 2-6. Since the antenna
system was synthesized according to a parent reflector system that is axisymmetric
about z axis, the azimuthal feed tilt about z axis, given by angle o is cquivalent to

rotating the whole antenna about z axis by angle ¢ Therefore, (2-8) becomes

sim2(¢é —dp) . , _

(cos[H—l)——(_——f) sinf,. — sinf sin{¢ — ¢¢) cosd

tan (6 - 6)) = ——— 2 IR (2-12)
' (cosf cos™(¢ — ép) —sin“(¢ — ¢p)) sinf. —sind cos(¢ — o) cosy

11
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The values of ¢, as functions of ¢ in (2-12) with various feed tilt angle ¢; are plotted in
Fig. 2-3. The intersections between constant ¢ curves and the horizoutal axis of Fig. 2-
3 correspond to conditions for ¢.=0 (no azimuthal motion for the main reflector
illuminated area). While the antenna is scanning, (2-12) can be solved in real time for
the ¢'.=0 condition to obtain the correct feed tilt angle ¢ for cach ¢-scan angle.

2.3. Choosing Mirror Motion Axes to Reduce the Mirror Size

The mirror is the major moving part in the reflector system; therefore, minimizing
the size of the mirror is very important. The size of the mirror is determined by the
illuminated area in the plane of the mirror and the relative motion between this
illuminated area and the mirror. The mirror must cover the directly illuminated arca
(in GO sense) in the planc of the mirror at all scan angles. Moreover, the mirror must
be oversized in order to reduce diffraction loss. In order to reduce the size of the
mirror, the relative motion between the mirror and its illuminated area must be
minimized; i.e. the mirror motion must follow the motion of the illuminated area in the
mirror plane during scan.

The mirror motion dwring scan can be achieved by one degree of lincar translation
and rotation about two axis; sec Fig. 2-6. In theory, there arc several possible directions
of the translational axis t as well as possible locations of the rotational axes y', and z',.
Once all the axes are chosen, the amount of translation and rotation is determined from
scan angles by a coordinate transformation from antenna coordinates to mirror
coordinates. In order to reduce thie relative motion between the mirror and its
illuminated area, the t axis is best chosen to be along the ray from the subreflector
illuinination center to the virtual main reflector illumination center at zero ¢-scan angle
(this is the principal, or center, ray).

The 7, axis can be chosen ou the surface of the mirror. This, however, iutroduces
relative motion between the mirror and its illnminated area during ¢ scan because of
the feed azimutl tilt. To alleviate this problem, the rotational axis 2’ 1s chosen to be
above the plane of the mirror; see Fig. 2-6. Since the rotational axis is off the mirror,
the mirror translates during the rotation to follow the motion of illuminated arca.

The choices for z’,, axis can be performed numerically by analyzing the coordinate
data for the illumination center on the mirror at different scan angles. The graphical
display of such data shows that the mirror area can be reduce by 50% by properly

choosing z',,, axis.

12
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Chapter 3
OPTIMIZATION OF REFLECTOR CONFIGURATIONS
3.1. Introduction

The majority of existing reflector antennas are single focal point antenna systems
with a pair of imaging points: one at the focal point and the other at infinity. A
common property shiared by the single focal point antennas is their ability to transform a
spherically spreading wave originated from the focal point to a plane wave propagating
outward along the axis of reflector. Limited scanning of main beam using single focal
point reflector antennas can be accomplished by displacement of feed antenna from the
focal point which introduces the necessary phase tilt in the aperture field distribution.
Alternatively, beam scanning can be accomplished by the displacement of subreflectors
in multiple reflector systems.  The displacement of the subreflector simulates  the
displacement of feed image. Both Type 1 and Type 2 configurations developed at VA
Tech are single focal point reflector systems where the main heann is scanuned by the
displacement of secondary and tertiary reflectors, respectively.

The EM performance of single focal poiut reflector antennas degrades as the main
beam is scanned off-axis. The performance of a reflector anteuna cau be evaluated most
easily by the gain of the radiation pattern. When gain is reduced both main beam
beamwidth and sidelobe levels increase by the amount equal to the loss in gain. The
gain is affected primarily by three causes:

1. Aperture phase distribution

2. Aperture amplitude distribution

3. Feed spillover
In the synthesis of high gain reflector anteunas the aperture phase error has the most
effect to the gain. Thus, the uuiform phasc distribution over the aperture plane is
satisfied first during the synthesis.  The specified aperture amplitude distribution and
feed spillover are often ouly approximately satisfied.

In the wide scan angle reflector antennas all three causes have similar magnitude of
effects to the radiation pattern. When reflector antennas are synthesized based on the
aperture phase error, such as the single focal point reflector systems, the scan capability
of the antennas are sometimes limited by the other causes. For example, a detailed
analysis of the VA Tech Type 1 system shows that the scan range is imited by the feed
spillover. [1]

The scan performance of reflector antennas can be improved by optimizing the
displacement of feed or subreflectors and by optimizing the reflector swiface shape. The

20



optimization is performed such that all three causes that degrade the radiation pattern
are minimized simultancously within the specified limits of scan. The optimization
procedure requires an initial reflector configuration. When a single focal point reflector
configuration is specified as the initial geometry, then the optimization procedure
increases the aperture phase error while reducing the feed spillover and the aperture
amplitude distribution. As a result the radiation pattern degrades slightly for the
unscanned beam while the radiation pattern improves at the limits of the scan.

3.2. Error Functional Definition

The optimization of scan capability of reflector antenna systems is accomplished
using code GROP. GROP is a collection of modules consisting of the routines to define
the reflector configurations, the routines for Geometrical Optics based analysis in both
transmit and receive modes, and the routines for optimization of a reflector configuration
for wide angle scan. Depending on the configuration of reflector systems aud type of
optimization applied for wide aungle scanning, different routines are linked to form a
computer program. In this report the results of scan optimization for the Type 1 system
accomplished by the program DROTP (Dual Reflector Optimization Program) is
discussed. The improved Type 1 system will be noted as Type 1A system.

The analysis of the Type 1 system shows that the scan range of the system is limited
by the feed spillover. [1] Thus, it is important to emphasize the minimization of the
spillover error to improve the scan capability of Type 1 configurations. In the Type 1A
system the translation and rotation of secondary reflector is confined about a center point
1320 of illuminated region on the secondary reflector along the principal ray as shown in
Fig. 3.2-1. The principal ray is defined as a line between the center of projected aperture
of the primary reflector and the virtual focal point the primary reflector for a given scan
angle. The virtual focal point is determined using receive mode GO ray fracing. The
rays are traced from the aperture plane tilted to a specified scan direction to the primary
reflector surface which are reflected from the surface to form a caustic region. Suppose a
position on i-th ray for a given path length from the aperture plane is represented by 1.

The virtual focal point is determined by the point r'yp such that the variance

v=2 x(5 fvr) .
1=1

is minimum. Confining the sccondary reflector translation to be along the principal ray

increases the feed spillover efficiency since the majority of plane wave energy incident on
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the primary reflector that is reflected towards the virtual focal poiut 1s captured by the
secondary reflector.

The center of illuminated region point, 1320, on the secondary reflector is fixed to
the physical center of secondary reflector aperture when the secondary reflector rim 1s
determined by the GO edge rays on the primary reflector for the unscanned beam.
When the diameter of secondary reflector is enlarged, then the point 1320 can be allowed
to float for a given scan angle. It is then possible to determine I;QO to minimize overall
displacement of the secondary reflector. For example, when the beam is scanned to 40
direction in ¢ = 0° plane the principal ray would move down towards the x axis. Thus,
1320 can be moved towards -x on the secondary reflector surface to compensate for the
displacement of principal ray for the scanned beam.

The Type 1A antenna system used for synthesis consisted of an offset paraboloidal
primary reflector with 10.63 meter projected aperture diameter and 7.795 meter offset
height and a hyperboloidal sccondary reflector which are equivalent to the Type 1
configurations as shown in Fig. 3.2-2. [1] The subreflector diameter was increased from
1.5 meters to 2.2 meters. The required translational and rotational displacement of the
secondary reflector as a function of clevation angle 0 for scanning in 07, 45, 90°, 135" and
180° in ¢ plane are shown in Figs. 3.2-3 through 3.2-8. The definition of « and 7 rotations
are the same as Tvpe 1 system. [1] Since the system is symmetric with respect to the
xz-plane, the required displacement for ¢ angles from 180" to 360" are the same for x and
z translation and o rotation, but the mnegative of y translation and 3 rotation.
Comparison of required translation and rotation at 0 = 1% scan for the Type 1 and Type
1A systems are given in Table 3-1. It is apparent that there is considerable reduction in
required subreflector displacement achieved by increase in diameter of the sccondary
reflector. In fact, it may be possible to achieve a similar scan performance without any
translational displacement of secondary reflector.

3.3. Electromagnctic Analysis Results

Electromaguetic analysis of Type 1A reflector antenna system was performed at 18
GHz using GRASPT reflector analysis package. GO/GTD analysis was used at the
secondary reflector followed by PO analysis on the primary reflector.  The system was
fed by a feed fixed at the unscanned fecd point and pointed correctly for the unscanned
beam. The feed taper was clhosen to be 15 dB at 0.75 meter from the center of
illuminated region of the secondary reflector for the unscanned beam.

Figure 3.3-1 shows the main beam peak gain of the antenna system as a function of
scan angle for the Type 1A system. The scan range of approximately 1.4" calculated
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Table 3-1
Comparison of required translational and rotational displacements of the
secondary reflector, and the gain loss from the unscanned gain maximum at an

operating frequency of 18 GHz.

{(a) Type 1 configuration

¢ Tx Ty Tp Trofal © & AN
(deg) | (m) | (m) | (m) | (m) | (deg)| (deg)| (dB)
0 | 0.327/0.000} 0.182{ 0.374| -S.47| 0.00| -3.88
45 | 0.143]| 0.256| 0.078] 0.304 | -4.58| 6.02| -2.81
90 |-0.096| 0.174(-0.053] 0.205| 1.33| 6.09|-1.79
135 |-0.125| 0.038]-0.074| 0.150| 4.35| 3.34| -1.61
180 |-0.103| 0.000-0.066} 0.122| 5.18, 0.00} -1.58

(b) Type 1A configuration

¢ Tx Iy Tz Trota © & Al
(deg) | (m) | (m) | (m) | (m) | (deg)] (deg)| (dB)

0 1-0.002] 0.000| 0.004| 0.005| -4.00| 0.00| -0.47
45 |-0.004| 0.003| 0.001] 0.005| -2.74| 3.15] -0.43
90 | 0.007| 0.000| 0.002| 0.007| 0.00| 4.31]-0.39
135 |-0.011{ 0.009| 0.001} 0.014| 2.67| 3.08}|-0.37

3.86| 0.00}-0.32

180 |-0.001{ 0.000|-0.003] 0.004




l [

Figure 3.2-1. Secondary reflector displacement optimization procedure for Type 1A

configuration.
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Figure 3.2-3 Secondary reflector translation in the x-direction for Type 1A reflector
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Figure 3.2-4 Secondary reflector translation in the y-direction for Type 1A reflector
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using a 1 dB gain loss criteria is achieved. This is more than twice the scan range

achieved by Type 1 system which has the maximum scan range of approximately 0.6".

[1] Unlike the Type 1 configuration, the scan range of the Type 1A system is not lunited

by spillover loss, which is apparent from Fig. 3.2-2. However, the increase in the scan

range cannot be achicved at the higher frequency of operation because the aperture phase

error becomes dominant cause for the gain loss.

34.

Future Work

Future work on the optimization of reflector configurations for wide scanning include

the following:

(1)

(2)
(3)

(4)

3.5.

Dual reflector scanning by the rotational displacement of an oversized secondary
reflector with no translational displacement.

Secondary reflector positioning error sensitivity study on Type 1A system.
Comparison of scan capability between Type 1 and Type 1A configurations for
operation at higher frequency.

Application of optimization on Type 2 system.
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